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Abstract

MossbauerEffecthyperfinemeasurementsof

) .- havebeen&tained for 1.1‘“0.9965W0.00351
<Tc 30 K and O < H<6T forx = 0.01,0.05,0.06,and

0.065. l%momqneticordering is clearfor x = 0.01

ad is suggestedforx = 0.05at 4 IL At 1.1K

ordering

0.01,is

lnqnetic

at the ironsitesin allsamples,except.x =

consistentwitha spin-glassor antiferro-

phase.

-—

RunningTitle: MagneticBehaviorat

~r * S@em (=0.9965W0.0035)1-XMX

suggested threedistinctregimesof magnetic

theIronSitesin Pd Fe Mn

Wrbeek et al.[1]have——
behavior ranging frrlgiant-mcnnent

ferromagnetism(x= 0.01)to spin-glassordering(x= 0.065)withan inter-

mediateregion(x= 0.05)inwhi”ha ferromagneticphasebemnes spin-glassat

a l-r temperature.Thesemncll.sionswerebasedpri.marilyon lW fieldac

susmptibilitymeasurementsinterpret usingthe theoryof Sherringtonand

Kirkpatrick.[2]

~ sqlanent theseandotherbul’<measurementson thissystemwe have

doM samplesbving x = 0.01,0.05,0.06,and 0.065with 57C0,in orderto

studythe internallocalinteractionsat the ironsitesusingthe?-lossbauer
57F=Effect(ME)of . TheMF hasott~roben usedto detecttheonset of the

spin-glassfreezingtemperature.[3~4]
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~ sampleswre arc cast from high purityelements. Lcmes duringpre-

paration,lxmogenization,and annealingwere negligibleso no chemicalanalysis

was made. After the buttonswre rolledto abut 0.4-mn thickness,disks about

9-inndiam were at and cme of each was electroplatedwith stoutltii of 57C0,

the parentof 57Fe. After a 2 - 18 h high-vacuum,diffusicm-a.nnealat abut

1050°C,the loc~~lconcentrationof “co was ~1000 w. For a given x, ac

sus~ptibilitymeasurementsof both doped arklurdopedsamplesconfirmedthe

L.tik/,<, resultsof Verbeeket al.[1] The Cllrie-WeisstemperaturesEldeterminedfrom—..,1....i&
the paramagneticdatabelow24 K are given in Table 1. As in[l]we al=>pre-

sent the spin-glassfreezingtemperatureT determinedfromc:- suscept.i-Sg
bilitymeasurements.

Ta~~-;
~~~.:‘+ ‘IfneME at the 57Co (iron)siteswas determinedas a functio~of tempera-
F.$1: ture (1.1-30K) and applid field (O-6T) usinga rmm temperatureunsplit

absorberand mxvent~mal 143spectrometer.The la.Jtemperature57Fe isomer

shift for each sample~~asthe same (~ 0.006rmr@ec)as found in (pure)palla-

dium. In the presenceof a magnetichyperfinefield,splittingof the energy

levels of 57Fe give rise to a six-lineME spectrlumhavingareal intensities

3:1:1:1:1:3.T’henormalizedintensityof the “2 - 5“ lines I dependson the

polarizationor averagedirecticmof the effectivefieldHeff relativeto

(,,-,:I,f! the directionof the observedllEy-rays;I variesfrom O (fieldparallel)to 4

q~t.‘~ (fieldper,~ndicular)and is 2 h randompolarization.Analysisof resolved4’
ME spectrain an appl.idfield(J.;esinformationabnut the natureof the macJ-

neticorder present.

We firstejanined

In sufficientfields,

to the Y-r:.ianalysis

the regicna!mve0, where a singlefilElinewas found.

applimlperpendicularto the sampleplansand parallel

direction,four-lineME spectra (1’= O) were observed.

‘~hesplittingis prcqmrtimal to Hef,E,which is ths v~tor sum of the ap-

plied fieldH and the internalfieldHint actingon the 57Fe nucleus.

Hinkfisat,wl~~reH~at is the sat-urationvalueof ~lintlis takento be equal

to the relativelocalmagnetizationof the samplesat a givenx, ‘f,and 1!.

‘intflsntdata were fittedto a rmxlifiedllrillouincurve usingH\(’.r- Old)

as the arqumsnte f3Magrees Eair.lyVEll with 9 (orTsg for x = 0.065),as

shown in Table 1. Asi?k?frcm the 6M values,the other parametersdetermined

from thesei3rillouinfitswre t.k :;amefor all four alloys,i.e.,Hsat,=:—-

{>...“/”“ -xl~ 0.8 ‘J’ md a moment p= 36~ IPB for g = 2 and for T> 2et Iron in

r,‘.’ palladiumaiv~s -30.1~ 0.1 T and 1.7!.1 f 0.3 PD[5] if w rwcalrmlatpp using

‘3= z-



Spontaneou sorderirqfor each xwas determinedfrom the H= O ME spectra

at T < 28. l%sthe spontaneousorderingtemperatureTM kissapproachedfrom

T > ‘M’ rapidlyincreasedbroadeningwas observed. For each x at T< <TM,

the well resolvedsix-lineME Spectrm we observedwas takenas evidencethat

the 57Fe atomswere all in t’hesame electronicstate. As T was then raised

ilin+ decreased,but the outerconpments of the.MEtspectra were progressively

kroadened. This overallbehavioris consistentwith a distribl~tionof local

environmentsabout the 57Fe probe sites in theserandom alloys,each with

ii:sown TM. We have fittedtheME spectrawith a 2-sitemodel to account

p=rtiallyfor this effect. For each x we have fixed the relativeproportions

to be the bimminal probabilitydistributionfunctionfor zeroor one nearest
57ne~.ghkmmanganeseatoms to the Fe sites. me rflintvaluesdetermined

for one- or two-sitefitshere used to t+skermineexperimentalTM values

usinga molecular-fielddescriptionof the orderedstate. Rx all x? a value

of ‘Hsat= -30.1~ 0.4 T was obtainedfrom the ordereddata and is deemed

more accuratethan that obtainedby extrapolatingthe paramagneticdata.
‘M

values,given in Table 1, are 10 - 20% higher than the 13P4values~but this

is not surprisingin view of the difficultiesin analyzingthe data,the in-

aihqmcy of the mdels, and the likelihoodthat tha transitiontemperatureis

not sharplyclefined.

In the absenceof an a~lied fieldthe temperatureclependmceof the mag-

neticl~haviorat the 57Fe sites in the regionof spontaneousorderingwas

similarfo~ all x; no chanqewas expectedor found in the ME spectrathat could

be attributedto a spin-glassphase.
!4-J

1,
.. . In m effort b distinguishbetweenferromagneticand spin-glassbehavior,,i’,!’,

we have i:tudiedthe responseof 57Fe in thesealloys to an a~lieilfieldat

T < <TM. As discussedearlier,changesin the polarizationof the spins

imp’lychangesin the ~ spectra. From ME spectrataken near 1.1 K as a func-

tionof H, we bwe determinedI and plottedthese resultsin Fig. 1. For x =

O.OlatH = O, I was 2.6 indicatinga tendencytoward :Lpontameouspolarization

in the sampleplane. For H = 75 mT, I WGS 0.1 indicatingnearlycomplete

polarizationalong the axis of H; such easy alignmentis characteristicof a

ferrom.agnet,In contrastto this response,the x = 0.065 samplewas very dif-

ficultto polarize,as shown by the slow decreaseof I with H. The well known

spin-glassA~~(Fe)[4]an~?certainCantiferromagneticmaterialsshow a similar

NE responseto H, For x = 0.05,the compccsikionthat is claimed [1]to exhibit

a ferromqnct~c transitionfollcxmlby a spin qlass transition(Tttbl.t? 1), the
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ME dataat 1.1K shcwthatpolarizationis scxnewhateasierthanforx = 0.065

butquiteunlikethe ferromagneticres~nse of x = 0.01. The plarizatim

req?onseat 4.0K forx = 0.05is sham in Fig. 1; this responseis more like

that of a ferromagret,but some of this same trend is folmdfor the x = 0.065

sample. Moreover,‘in~ tends to -30.1T (thefullyorderedvalue)with in-

creasingH for x = 0.05whereasHirlt(assumingantiparallelaligniint)tends

to-31 TatH=6Tforthe x= 0.065sample,indicatingonly partialalignment

at the iron sitesand providingsecondarysu,pportthat the orderingat 4 K i:

ferranagneticfor x = 0.05.

In summary,
57Fe ME data in thesePd(FeMn) alloys yieldmagneticorder-

ing temperaturesccxparableto thoseobtainedby bulk measurements. Polariza-

tion data clearlys’howferromagnetismfor x = 0.01 and are consistentwith a

spin-glass(orantiferromgnetic)phase at 1.1 K in the othsralloys. The ME

data do mt fullysupportordinaryferromagnetismat 4 K in the x = 0.05alloy.

We wish to thankC. E. Olsen for joreparingths alloy samples.
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Table1. Transiticmtemperaturesfor (~ F’e)~.xMnx.

x TSq e
%

a
‘M

(K) (K) (K) (K)

0.01 — 15.2(2) 14.s(1) 19.2(6)
0.05 2.5(2) 10.0(4) 10.7(1) 12.9(1)

12.2(5)
0.06 5.0(1) 6.5(’) 5.8(1) 7.7(2)

6.2(2)
0.065 5.1.(1) 3.5(3) 6.1(1) 7.0(1)

6.4(1)

aDoubleentriesimlicate2-sitefits.



r
-! ~“I

0.0

0.5

1.0

1.5

2.0

2.5

(P~Fe)l_xMnx

LEGEND
❑ = X=o. ol , l.l K
0= x=O.05 , I.l K
A= x=O.05 , 4.OK
0= x=O.065, I.IK

Ii

0123456

H (Tesla)

Fig.1. Relative Line IntensityI versusH of (P@Fe)l-xMnx for x =
0.01,0.05,and fl.065at1.1 K and x=O.05 at 4K.


